What is 4P Medicine?
The current era of medicine is often named "4P-Medicine". Four P represents the acronym of Personalized, Predictive, Preventive and Participative (Fig. 1) . In 2011 Hood and Friend [1] developed the concept of 4P Medicine, comprising not only the idea of a personalized medicine based on a well-defined molecular predictive medicine, but also a health concept in which disease prevention and citizen participation in the management of health should become the medicine of the future, following a systems medicine approach. The backbone of 4P medicine is translational research aiming to define molecular pathways that are selectively involved in each type of cancer, allowing for targeted therapy on a personalized basis.
The "magic bullet‰
Systems medicine developed after the first studies on molecular pathways involved in carcinogenesis defined possible targets to switch off tumor growth with the aim of generating a "magic bullet" for each type of cancer [2] . In fact, the most relevant model of neoplastic disease susceptible to a true "targeted therapy" is represented by the Philadelphia-positive chronic myeloid leukemia (CML), which, between 1999 and 2000, started to be treated with tyrosine-kinase inhibitors, namely imatinib [3] .
Ph+ CML is a type of leukemia driven by a single, specific, chromosome translocation (t9;22) leading to a new, hybrid, leukemia-specific gene (BCR-ABL1) that encodes for a deregulated tyrosine-kinase protein (p210) driving the leukemic transformation of hematopoietic stem cells and the progression from the chronic phase (CP) to the accelerated-blastic phase (ABP), which fatally concludes the course of the disease.
The introduction of Imatinib significantly changed the fate of CML patients, transforming the disease from fatal to chronic [4] . Due to these exciting results, from 2000 onwards the number of CML patients who have undergone allogeneic hematopoietic stem cell transplantation (allo-HSCT) has decreased dramatically and within a few years, CML has gone from being the first to being the last indication of allo-HSCT [5] .
The "death‰ of allogeneic HSCT?
Looking at the results of imatinib, many hematologists believe that the advent of "targeted" therapy would have brought about the "death" of allo-HSCT for the treatment of many hematological diseases, including CML. Almost 20 years later, however, we can say that this prediction did not come true. The reasons for this are mainly two: firstly, the progress in the knowledge of the pathways of Fig. 1 . Systems medicine research studied health and diseases through the investigation of several layers of knowledge (biological, psychological, social and environmental, the so called "Omics") and could be interpreted as an informational science in which the interpretation of a multilayer analysis could analyze the dynamic of the pathological process over time. New technologies for large-scale data analysis and a definition of a multidimensional minimal data set for everyone are under investigation to override a simple mechanistic interpretation. For these reasons "Omics" are part of the dynamic study of allogeneic transplanted patients and should be integrated with the interpretation of the connections between individual and family, society, environment and health system. This process is crucial for the personalization of the transplanted patient's care. The interaction of the several inter-and intra-individual layers over time will contribute to a new sets of complex phenotypes typical for the transplanted patient. In a few years, billions of data concerning complex phenotypes will be available for everyone. Personalization, prevention, prediction and participation are thus cornerstones of the care for such complex patients and Information Technologies will be part of this research process.
leukemogenesis did not really translate into decisive advances in the outcome of leukemias and cancers, except for CML.
On the other hand, a "rough" therapy such as allo-HSCT was confirmed to be the most powerful treatment for high-risk hematological malignancies, representing one of the best answer to patients' need of cure. Analyzing the causes of the partial disappointment on the results of targeted therapies and growing satisfaction with allo-HSCT results, we want also to point out that attention needs to be paid to the relevance of psychological and social aspects related to these approaches, and that they should be considered in the era of 4P medicine.
What is the role of allogeneic HSCT in the era of targeted therapies and 4P medicine?
Allo-HSCT currently represents the most powerful treatment for hematologic malignancies. It can be used to cure patients with high-risk disease in complete remission at the time of transplant (e.g. acute myeloid leukemia). Moreover, it is the most curative option for refractory diseases, despite its highly reduced effectiveness in comparison to diseases in complete remission at the time of transplant.
In fact, the numbers of allo-HSCT continue to increase over time, reaching half a million procedures in 2013. About 32,000 allo-HSCT were performed worldwide in 2012 [6] , in comparison to 21,000 in 2008 [7] . These procedures increase over time not only in the industrialized world, but also in developing countries, for various reasons.
In industrialized countries, the increase of allo-HSCT is related to the expansion of indications due to better selection of the donors and better supportive care, allowing for transplantations up to advanced ages and phases of disease; on the other hand, the increment in transplants in developing countries is related to the reduction of allo-HSCT costs, in comparison to more expensive targeted therapies.
A second reason is the great improvement in the transplant procedure. Improvements in the conditioning regimens (more active but less toxic) and in supportive and anti-infective therapies have brought about a significant reduction in transplant-related mortality (TRM) and in the incidence of graft failure. In addition, the introduction of high-resolution HLA typing and the amelioration of prophylaxis and treatment of GvHD have contributed to the reduction of the incidence and severity of GvHD, which remains one of the most important causes of morbidity and mortality. These facts have really contributed to making transplantation a safer procedure and to spread the use of alternative sources of hematopoietic stem cells, including haploidentical and cord blood stem cells.
In a systems medicine approach, allo-HSCT represents the best example of 4P medicine integrating and balancing prediction, personalization, prevention and participation of patients in the management of health. Firstly, allo-HSCT is curative for almost all hematological cancers, even in the case of heavily pre-treated patients in an advanced stage. Despite comorbidity, nowadays, allo-HSCT could be offered to a wider number of patients due to the better supportive care and better management of the whole transplant procedure (donor, conditioning, immune-suppressive agents and caregiver selection) [8] . On the other hand, the development of chronic GvHD or late side effects of cancer treatment are sufficient reasons to define long term strategies, in order to prevent morbidity and mortality due to the procedure and to ensure the best quality of life for each patient [9] .
Allo-HSCT is personalized: an individualized approach could also include personalized conditioning according to pharmacogenetic and pharmacokinetic data and different risk-stratified post-transplant procedures [10, 11] . The personalized management of the underlying disease is, to date, molecular-driven, and MRD monitoring [12] predicts relapse and permits to act with cellular [13] , targeted [14] or manipulated cellular therapies.
Allo-HSCT is predictive: the optimization of comorbidity indexes is crucial for the selection and personalization of conditioning in order to reduce TRM and to improve survival [15, 16] . These scores could be improved by a systems medicine approach, using big data analysis and integration with social and supportive factors.
Allo-HSCT is preventive: prevention strategies are implemented and warranted in all transplant center programs, to reduce the risk of infections and long term complications [17] . Furthermore, monitoring of minimal residual disease (MRD) can prevent relapse after transplantation, with cellular or target therapies, as mentioned above.
Last but not least, allo-HSCT is participative: according to a chronic care model [18] , participation of patients in the management of long term follow-up is crucial for greater empowerment, increasing self-esteem and quality of life. Long term follow-up clinics should include patients in the definition of needs, and efforts towards participative medicine are warranted. A critical issue is the use of information technology in the management of care delivery and validation of patient-reported outcomes. Self-reporting of chronic GvHD, for example, is superimposable to NIH scores [19] and could be screened with the help of Information Technologies (NMDP BMT application). The use of telemedicine, medical applications and other web-based suites could help transplanted patients in the management of their chronicity, ensuring constant contact with the transplant center [20, 21] .
Conclusions
Allogeneic HSCT is not an alternative to targeted therapies, but the constant increase in the number of transplanted patients worldwide suggests that allo-HSCT could represent a winning systemic health-model: predictive, personalized, preventive and participative. More studies are warranted to better elucidate the complexity of allotransplanted patients ("omics", social, and psychological studies).
